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Abstract. The recent discovery by Fermi/LAT of high-energy (E > 100 MeV) γ rays from Narrow-
Line Seyfert 1 Galaxies (NLS1s) made evident the existence of a third class of γ-ray emitting
Active Galactic Nuclei (AGN), after blazars and radio galaxies. It is now possible to study a rather
unexplored range of low masses (106−8M⊙) and high accretion rates (up to the Eddington limit) of
AGN with relativistic jets. A comparison with the jet emission from Galactic compact objects shows
some striking similarities, indicating that NLS1s are the low-mass counterpart of blazars as neutron
stars are the low-mass jet systems analogue of stellar mass black holes.
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Highly collimated bipolar outflows have been observed in a wide variety of cosmic
sources: from the supersonic jets of protostellar and protoplanetary systems, to the
relativistic jets of Galactic binaries, AGN, and Gamma-Ray Bursts (see [1, 2] for recent
reviews). In 1997, Mario Livio proposed the conjecture that the formation of a jet should
be the same in all the different classes of objects, while the emission mechanisms are
dependent on the type of source [3]. However, the attempts to unify jets at all scales did
not result yet in anything that caught a general consensus. This “Universal Engine” has
still to be found.
Recently, the advent of the Fermi Gamma-ray Space Telescope (shortly Fermi) made it
possible to add one more class of AGN to the group of sources with relativistic jets. The
discovery of high-energy γ rays from NLS1s confirmed the hints collected in previous
years through radio and X-ray observations (see [4] for a recent review). The main
peculiarities of NLS1s are a relatively low mass of the central black hole (106−8M⊙),
a high accretion luminosity, and a spiral galaxy as host. In the framework of jet studies,
NLS1s are important because they could be the low-mass highly-efficient part of the jet
systems in AGN, as neutron stars are for Galactic binaries [5, 6].
In this work, I outline an update of my researches in this field. The samples of sources
in [5] were based on 39 blazars (9 BL Lac Objects and 30 flat-spectrum radio quasars,
FSRQs) from [7] with radio data from the MOJAVE Project1, plus 7 NLS1s from [4].
In [6], I have added 5 Galactic binaries (3 stellar mass black holes from [8, 9, 10] and 2
neutron stars from [11, 12]) in different states (80 points). Now, I have included all the
blazars from [7] (53 FSRQs, 31 BL Lacs). When high-resolution radio observation from
the MOJAVE Project are not available, radio data at the highest frequency available were
1 https://www.physics.purdue.edu/astro/mojave/
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FIGURE 1. Disc luminosity in Eddington units as a function of the mass of the central black hole for
a sample of blazars (FSRQs, red filled circles; BL Lacs, blue filled squares and arrows for upper limits
of the disc luminosity), and radio-loud NLS1s (empty stars). NLS1s detected at γ rays are displayed with
filled stars.
taken from NED2 and converted to 15 GHz by using a flat radio spectral index (αr = 0).
The sample of radio-loud NLS1s candidate to be γ-ray emitters is now made of 50
sources3. The latest quick-look analysis of about 46 months of Fermi/LAT data resulted
in 4 high-confidence detections (T S > 25) and 8 sources detected with 9 < T S < 25.
The distribution of masses of the central black hole and disc luminosity in Eddington
units for all the AGN is shown in Fig. 1. All the 50 radio-loud NLS1s are shown, in
order to emphasise the novelty, although only the 12 NLS1s detected at γ rays are used
for the following graphs.
I have also included in this work one reliable candidate to be an intermediate-mass
black hole (IMBH) with jet: it is HLX-1 in the galaxy ESO 243-049 (z = 0.0022), which
has an estimated mass of the compact object between 9×103 and 9×104M⊙ [13] (not
shown in Fig. 1).
An early look at the populations under study is done by using only observed quan-
tities (Fig. 2). The jet emission is measured at radio frequencies (core), while the ac-
cretion disc luminosity is measured from X-rays for Galactic binaries and from opti-
cal/ultraviolet wavelengths for AGN. No model assumptions have been done, except for
the standard accretion disc theory for which the emission peak depends on the mass
of the compact object (X-rays for Galactic binaries; ultraviolet frequencies for AGN).
In the case of the accretion power, using the same frequency range for both AGN and
Galactic binaries would lead to inconsistencies given the large difference of masses.
2 http://ned.ipac.caltech.edu/
3 See the list of sources and details of the Fermi/LAT analysis at http://tinyurl.com/gnls1s
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FIGURE 2. Jet emission at radio frequencies as a function of the disc luminosity for a sample of AGN,
Galactic Binaries, and one IMBH (HLX-1, [13]).
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FIGURE 3. Jet radiative power normalised for the mass of the central compact object as a function of
the disc luminosity in Eddington units for the same samples of Fig. 2.
Fig. 2 immediately shows that NLS1s are filling a region of the graph that is necessary
to have a distribution of AGN similar to that of Galactic binaries. The blazars branch can
overlap only with the one of stellar mass black holes, but without NLS1s there would be
no AGN counterpart to the neutron stars branch. It is worth noting that HLX-1 is placed
in the middle of the two distributions, as somehow expected.
To remove the dependence on the mass of the central compact object, it is necessary
to scale the disc luminosity linearly with the mass through the Eddington luminosity.
Instead, the jet power has to be properly calculated before applying the scaling of M1.4
as proved by [14]. In the case of the first 4 discovered γ-NLS1s, the radiative jet power is
taken from [15], which in turn is estimated by modelling the spectral energy distribution
(SED) of the sources. In the other cases, I have adopted an improved version of the
Eq. (2) in [5]:
logPjet,radiative = (12±2)+(0.75±0.04) logLcore,radio (1)
After having scaled for the mass, all the sources are now merged into one single
region, as shown in Fig. 3. It still remains a slight dependence on the accretion power
that has to be understood (cf [6]). It is also necessary to increase the sample of Galactic
binaries, now made of just 5 sources, although sampled during several states.
ACKNOWLEDGMENTS
I would like to thank S. Farrell for having drawn my attention to the peculiar properties
of HLX-1.
REFERENCES
1. J. M. Paredes, M. Ribò, F. A. Aharonian, & G. E. Romero (eds), Proceedings of the Conference on
High Energy Phenomena in Relativistic Outflows III (HEPRO III), Barcelona (Spain), 27 June - 1 July
2011, Int. J. Mod. Phys. Conf. Series 8, World Scientific, Singapore, 2012.
2. G. E. Romero, R. A. Sunyaev, & T. Belloni (eds), Jets at all scales, Buenos Aires (Argentina), 13-17
September 2010, IAU Symp. Proc. Series 275, Cambridge University Press, Cambridge, 2011.
3. M. Livio, “The formation of astrophysical jets” in Accretion Phenomena and Related Outflows –
IAU Coll. 163, eds D. T. Wickramasinghe, L. Ferrario, & G. V. Bicknell, ASP Conf. Series 121,
Astronomical Society of the Pacific, San Francisco, 1997, p. 845-866.
4. L. Foschini, “Evidence of powerful relativistic jets in Narrow-Line Seyfert 1 Galaxies” in Narrow-Line
Seyfert 1 Galaxies and Their Place in the Universe, eds L. Foschini, M. Colpi, L. Gallo, D. Grupe, S.
Komossa, K. Leighly, & S. Mathur, Proceedings of Science NLS1, PoS, Trieste, 2011, p. 024 (25pp).
5. L. Foschini, Res. Astron. Astrophys. 11, 1266-1278 (2011).
6. L. Foschini, “Powerful relativistic jets in spiral galaxies” in Proceedings of the Conference on High
Energy Phenomena in Relativistic Outflows III (HEPRO III), eds J. M. Paredes, M. Ribò, F. A.
Aharonian, & G. E. Romero, Int. J. Mod. Phys. Conf. Series 8, World Scientific, Singapore, 2012,
p. 172-177.
7. G. Ghisellini, et al., Mon. Not. R. Astron. Soc. 402, 497-518 (2010).
8. S. Corbel, et al., Astron. Astrophys. 400, 1007-1012 (2003).
9. S. Corbel, et al., Mon. Not. R. Astron. Soc. 389, 1697-1702 (2008).
10. M. Coriat, et al., Mon. Not. R. Astron. Soc. 414, 677-690 (2011).
11. S. Migliari & R. P. Fender, Mon. Not. R. Astron. Soc. 366, 79-91 (2006).
12. J. C. A. Miller-Jones et al., Astrophys. J. 716, L109-L114 (2010).
13. N. Webb, et al., Science 337, 554-556 (2012).
14. S. Heinz & R. A. Sunyaev, Mon. Not. R. Astron. Soc. 343, L59-L64 (2003).
15. LAT Collaboration (A. A. Abdo et al.), Astrophys. J. 707, L142-L147 (2009).
